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Abstract 
With the rapidly development of world economy, environmental issue has become more and more prominent, so 
environmental protection has become a trend, the state established a wide range of environmental regulative measures. 
The implementation of these measures will inevitably affect the competitiveness of enterprises, especially the 
competitiveness of coal enterprises with heavy pollution. However, there were many factors influencing the 
competitiveness of enterprises, such as core technology, labor costs, product differentiation, infrastructure conditions 
and other factors. This article thought that strict environmental regulation has a positive effect on the competitiveness 
of enterprises, that is strict environmental regulation could improve the competitiveness of enterprises, and through 
further analysis, this article thought that the strict environmental regulation was not the determinant to the 
competitiveness of enterprises, other factors also have significant effect on the competitiveness of enterprises. 
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of [CEIS 2011] 
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1. Introduction
Since 1980s, with the increasingly fierce market competition and gradually increasing competition
consciousness between enterprises, people have more and more paid attention to the competitiveness of 
enterprises, so the competitiveness of enterprises has become one of the hottest issues for the scholars. At 
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present, scholars at home and abroad thought the competitiveness of enterprises did not form a complete 
theoretical system, still in development stage, and the scholars had the different ideas about environmental 
regulation. In this paper, we used panel data model and the empirical data in 1996-2005 in Henan of 
China to analyze the effect of environmental regulation on the competitiveness of coal enterprises, and the 
effect of core technology, labor costs, product differentiation, infrastructure conditions and other factors 
on the competitiveness of coal enterprises. 
2. Theory and model 
2.1. The relationship between environmental regulations and competitiveness
About the influence of environmental regulations on the international competitiveness, foreign 
theorists have two diametric opinions. 
• First point: traditional school 
The representatives of traditional school are Palmer [1], Bradford and Simpson [2]. They analyzed the 
problem from static angle, and thought that strict environmental regulation lead to the rising costs of 
pollution control, which would affect the production capacity, reduce the profitability of enterprises, 
make the competitiveness of enterprises decline in the international market. In real life, it is obvious that 
the competitiveness of enterprise will change after enterprises take the environmental control measures, 
but there is no convincing theoretical model to confirm this [3]. 
• Second point: modified school 
The representatives of modified school are Porter and Linde [4], they analyzed the problem from 
dynamic angle, and thought that strict environmental regulations might lead to a lot of innovation 
activities, causing reduced production costs, such as the innovations in technical process, product design 
and production process. At the same time, it also give enterprises the driving force for development and 
survival, promote the competitiveness of enterprise and reduce costs, which compensate the loss caused 
by environmental regulation, finally improve the competitiveness of enterprises. 
2.2. Empirical analysis model construction 
• First point: The measurement of environmental regulation 
Normally, it is difficult to directly measure the degree of environmental regulation. Some scholars 
used the investment amount of industrial pollution control project to reflect the level of environmental 
regulation, but this target lacks a convincing explanation [5]. We use the specific data of pollution 
emissions in the coal enterprises in Henan, and make use of the relation between environmental 
regulation and pollution emissions to measure the degree of environmental regulation. From the 
emissions of the country's industrial wastewater, SO2 and solid waste (Table 1) in 1996-2004, these three 
industrial waste emissions had significantly reduced since 1997, which was inseparable from the " State 
Council Decision on Several Issues of Environmental Protection " issued and implemented on 12th, 
September of 1996. Through strict environmental pollution levy system, the emissions of industrial waste 
has significantly reduced, and environmental pollution situation has been improved, which showed that 
strict environmental regulations had a positive effect on the emissions of industrial waste in our country. 
However, Table 1 also showed that after 2002 the emissions of these three pollutants had significantly 
increased, which is a "complications" occurred in China's booming economy. 
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Table 1 The emissions of the country's industrial wastewater, SO2 and solid waste in 1996-2004 
Year 1996 1997 1998 1999 2000 2001 2002 2003 2004 
Wastewater(million tons) 2.1 2.2 2.0 1.9 1.8 2.0 2.2 2.3 2.4 
SO2 (million tons) 130 130 160 150 160 150 170 180 190 
Solid waste (tons) 65 68 75 72 70 79 95 105 120 
The above analysis showed that the emission of pollution in our country had been greatly affected by 
the degree of environmental regulations and the gross production of enterprise. We use POL to express 
the total three pollutant emissions, REG to express the degree of environmental regulations, PGEP to 
express the per capita gross production of business, and we get the relationship between the three as 
follows: 
POL=f(REG,PREG)                                                                   (1) 
Combining the previous hypothesis, in order to facilitate the following analysis, we assume that the 
REG here mean strict environmental regulation, that is to say, the greater the value of REG is, the higher 
the degree of environmental regulations will be. Then there is f '(REG)> 0, i.e. f is monotonic function of 
REG, we transform (1) into the following formula: 
REG=h(POL,PREG)                                                                   (2) 
We express (2) in the form of Semi-logarithmic, then the environmental regulation could be expressed 
as follows:  
REG=α0lnPOL+αplnPGEP+ε                                                         (3) 
Here, h '(POL)> 0, i.e. α0> 0. Under normal circumstances, we set α0 = 1. 
• Second point: The establishment of econometric model 
The competitiveness of enterprises also will be affected by other factors, such as gross production 
(GEP), core technology (ECT), labor costs (LAB), product differentiation (EDP), infrastructure status 
(INF) and so on. Therefore, this paper not only researches the effect of the strict environmental regulation 
on the competitiveness of enterprise, but also analyzes other factors that affected the competitiveness of 
enterprises (ECA), and construct econometric models of ECA in the form of semi-logarithmic function: 
LnECA=α+βGGEP+βEECT+βLLAB+βEEDP+βIINF +βRREG+μ                      (4) 
Put (3) into (4), we get that: 
LnECA=α+βGGEP+βEECT+βLLAB+βEEDP +βIINF+βRlnPOL+αpβRlnPGEP+v           (5) 
Here βR is the coefficient that reflects the effect of environmental regulations on ECA. GEP, ECT, 
LAB, EDP, INF, PGEP were respectively expressed by coal enterprises’ GDP in Henan Province (billion 
/ year), the introduction costs of clean coal technology (million / year), average wage (yuan / year), the 
profit brought by the use of clean coal technology (million / year), costs of safety input (million / year) 
and enterprise’s per capita GDP (yuan / person / year). 
3. Data sources and setting in the form of panel data model 
The paper took 7 large-scale coal enterprises in Henan province - Zhengmei, Yongmei, Jiaomei, 
Pingmei, Hemei, Yimei, Shenhuo as the example, and the data are from "Statistical Yearbook of Henan 
Province" and "Statistics Database of economic and social development in Henan Province" in the period 
of 2000-2009. 
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Table 2 The indicator data of competitiveness of coal enterprise in 2000-2009 
Competitiveness Index Period LAB GEP ECT EDP INF PGEP 
2000 7557 1461.5 4.9 169.6 7.6 29.23 
2001 13266 2732.4 5.4 382.5 7.9 31.18 
2002 11030 2196.3 6.6 321.4 10.3 30.77 
2003 14339 3201.9 7.2 512.3 10.5 33.16 
2004 12114 2761.9 7.8 361.9 10.7 31.54 
2005 14282 3200.7 9.1 544.1 11.2 33.09 
2006 16981 4165.5 11.7 791.4 11.4 34.51 
2007 20935 5824.7 11.3 1339.6 12.9 36.24 
2008 17277 5033.1 12.9 1056.8 13.7 35.12 
2009 22606 5592.6 12.7 118.52 13.6 34.83 
Because the study is for the 1996-2005, including not only the sectional unit data of many large coal 
enterprise, but also the time order change of each coal enterprise, so the paper use the specific measured 
model of Panel Data as follows: 
LnECAit=αit+βGGEP +βEECTit+βLLABit+βEEDP it+βIINFit+βRlnPOLit+αpβRlnPGEPit+v            (6) 
4. The results of  model estimation and analysis 
The results shown in Table 3, and the model has well the regression results. The adjusted 
R2=0.997985, indicates the explanation results of independent variable’s to the dependent variable are 
better; F=28121.35 shows that the goodness of fit is significant in the level of 1%; DW=1.930117 
indicated that there not exist correlation between the variables. We can know the following conclusions: 
First, βR was positive, indicating that strict environmental regulations had positive effects on the 
competitiveness of enterprises. However, the coefficient test failed to pass significant test, indicating that 
strict environmental regulation was not the main factor that affects the competitiveness of enterprises. 
Secondly, GEP, ECT, LAB, EDP and INF had significant effects on the competitiveness of 
enterprises, and all the regression coefficients are less than 10% when they pass significant tests. 
Concretely: (1) If the coefficient that grosses production impacts on enterprise competitiveness is 
positive, it indicates that the increase of GEP can improve the competitiveness of enterprises. (2) If the 
coefficient that core technology impacts on enterprise competitiveness is positive, it indicates that higher 
technology helps to improve the competitiveness of enterprises. (3) If the coefficient that labor costs 
impacts on enterprise competitiveness is negative, it indicates that low labor helps to improve the 
competitiveness of enterprises. (4) If product differentiation and competitiveness of enterprises show a 
significant positive correlation, it indicates that the higher degree of product differentiation, the stronger 
competitiveness of enterprises. (5) If infrastructure status and the competitiveness of enterprises show a 
significant positive correlation, it indicates that the better infrastructure can help to improve the 
competitiveness of enterprises. 
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Table 3 Estimated results.（Note:*, **, *** respectively express significant in the level of 10%, 5% and 1%） 
Explanatory variables Coefficient Standard deviation 
Gross enterprise production (GEP) 0.000784** 0.000349 
Enterprise core technology (ECT) 0.073574* 0.042241 
Labor costs(LAB) -1.52E-05** 5.89E-06 
Enterprise product differentiation (EDP) 0.069778* 0.039863 
Infrastructure status (INF) 6.92E-05*** 2.31E-05 
Pollutant emissions (POL) 0.006211 0.034005 
Per gross enterprise production (PGEP) 0.059899* 0.032601 
R2 0.998989 
Adjusted R2 0.997985 
F 28121.35 
DW 1.930117 
5. Conclusions 
According to the above analysis, we can have the following conclusions: The strict environmental 
regulation is not the main factor affecting the competitiveness of enterprises that are developing well. The 
competitiveness of enterprises is determined by their own comprehensive structural conditions, and the 
elastic coefficient of environmental regulation is failed to pass signification test. However, strict 
environmental regulation has a positive effect on the competitiveness of enterprises, and releasing 
environmental regulation may make enterprise structure develop towards the direction of increased 
pollution. 
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